WHAT'S KNOWN ON THIS SUBJECT: Children with chronic conditions use the pediatric emergency department (PED) more frequently than children without chronic conditions. To date, no one has examined how medical complexity relates to PED use and disposition.
Children with special health care needs are defined broadly as "those who have or are at increased risk for a chronic physical, developmental, behavioral, or emotional condition and who also require health and related services of a type or amount beyond that required by children generally." 1 Children with special health care needs comprise 13.9% to 15 .6% of children in the United States, [2] [3] [4] [5] and are a rapidly growing population in pediatrics. 6, 7 A subset of children with chronic health conditions are those with medical complexity, 8, 9 which generally includes children with lifelong multiorgan system conditions, who have increased technology dependence and are cared for by multiple subspecialists. This group of children appears to account for increasing amounts of inpatient hospital use. 10, 11 Children with chronic conditions use emergency services more frequently than their nonchronic peers. 2, 4, [12] [13] [14] [15] [16] [17] [18] [19] [20] The vulnerability of children with chronic medical conditions in the emergency setting, as well as the need for concise summaries of their medical condition, precautions needed, and/or special management plans, has been recognized by both the pediatric and emergency medicine communities. [21] [22] [23] [24] Better understanding of the increasingly large and medically complex subsets of children among those with chronic conditions is critical to optimizing their emergency care.
In the 1990s, the National Association of Children' s Hospitals and Related Institutions, in conjunction with 3M Health Information Systems (Salt Lake City, UT), developed a software program called Clinical Risk Groups (CRG). CRG uses diagnostic and procedure codes within a patient record to not only categorize children by nonchronic and chronic conditions, but also to stratify them by clinical severity into 9 groups 25 (Fig 1) . CRG has been validated by using inpatient and ambulatory patient data, 25, 26 but it has not previously been applied to pediatric emergency department (PED) data.
The objective of this study was to characterize the use of and disposition from a tertiary PED by children with nonchronic and chronic conditions at varied levels of medical complexity using CRG.
METHODS
The study population included all patients registered for PED visits be- The predictor variable of interest was the individual patient' s CRG category. CRG places a child into 1 of 9 mutually exclusive hierarchical status groups (Fig 1) . For this study, we grouped CRG into 5 final categories: nonchronic (CRG status groups 1 and 2) and chronic (CRG status groups 3-9), which include episodic chronic (CRG status groups 3, 4, 5a), lifelong chronic (CRG status groups 5b, 6), progressive chronic (CRG status groups 7, 9), and malignancy (CRG status group 8). The primary outcome of interest was PED disposition, which was (1) admission to hospital; (2) admission to PICU; (3) discharge to home; (4) other (included transfer to another facility, left without being seen and left against medical advice, death, and unknown). Secondary outcomes included PED length of stay (LOS) in minutes, as well as numbers of PED visits per patient over the study period. Although PED visit and admission cost data are important outcomes, they were not available in this dataset and, therefore, were not included in the analysis. Independent variables that were considered included age in years, gender, and race.
Data analysis was completed by using Stata 10SE (Stata Corp, College Station, TX) and R statistical software programs (Vienna, Austria). Descriptive statistics were generated for PED visits and descriptive variables, including age, race, and gender. Bivariate analysis was performed to describe outcomes across all CRG categories. Rates of outcomes by CRG category were also generated. Outcomes were then compared across CRG groups, including the collective chronic category, with nonchronic as the referent category. ANOVA test of differences was used to compare differences in age, gender, and race between CRG groups. Logistic regression was used to determine the odds of PICU admission for each CRG group, after controlling for age. Linear regression was used to determine the age-adjusted PED LOS for each CRG, after controlling for age. Adjusted odds ratios (AOR) are reported with 95% confidence intervals (CI).
RESULTS
PED visits totaled 79 017 over the 2-year study period; however, 1269 visits were excluded, including 235 for individuals older than 25 years of age, 1120 visits that were ,10 minutes or .1500 minutes in duration, and 263 for patients who we could not assign a CRG. The final cohort included 77 748 PED visits for 49 948 children.
Children with chronic conditions comprised 20% (n = 15 433/77 748) of all visits (Table 1) . Children in the episodic and lifelong chronic groups accounted for 80% (n = 12 383/15 433) of all visits made by children with chronic conditions. The most medically complex group (progressive chronic) represented 12% (n = 1840/15 433) of visits made by children with chronic conditions.
As shown in Table 1 , the mean age was older for children with chronic conditions and increased with increasing medical complexity (ANOVA test of differences between means, all significant P , .0001). Among visits for children with chronic conditions, 54% (8256/15 433) were made by boys and 50% (7716/15 433) by patients who selfidentified as white. Increasing medical complexity was not associated with significant gender or race differences.
Disposition from the PED varied by chronicity, as well as by increasing medical complexity (Fig 2) . Most, 57% (n = 7795/13 715), of all inpatient admissions from the PED were for children with chronic conditions. Compared with children without chronic conditions, children with chronic conditions were admitted more often to the hospital (51% vs 10%) ( Table 2 ). Higher odds of hospital admission (AOR 10.3, 95% CI 9.9-10.7; P , .0001) were seen for children with chronic conditions (Fig 3) . Rates of hospital admission increased with increasing medical complexity ( Table 2) .
Children with chronic conditions accounted for 84% (n = 487/577) of all PED to PICU admissions (Table 2 ) and these children had higher PICU admission rates (3.2% vs 0.1%) compared with children without chronic conditions. Rates of PICU admission also increased with increasing medical complexity (Fig 4) ; when controlled for age, children with chronic conditions had higher odds of PICU admission (AOR 25, 95% CI 17.0-36.0; P , .0001), and odds of PICU admission increased with increasing medical complexity. In addition to admissions, median PED LOS was longer for children with chronic conditions and increased with increasing medical complexity (Table 2 ). On average, visits for children with chronic conditions were 79 minutes longer (95% CI 77-81; P , .0001) compared with children without chronic conditions. The average number of visits per patient over the 2-year study period increased with increasing medical complexity from 1.2 among those without chronic conditions, to 3.4 for the progressive chronic group (Table 2) . Of the 10 deaths that occurred in the PED, 2 were children with chronic conditions in the lifelong chronic category, and the remaining 8 were children without chronic conditions.
DISCUSSION
This study found that children with chronic conditions comprise 20% of PED visits. With increasing medical complexity, the rates of both hospital and PICU admission, PED LOS, and repeat PED visits all increased. For example, the most medically complex category of children (progressive) used 2.4% of PED visits, but had a hospital admission rate of 57% and PICU admission rate of 4.5%.
Our study mirrors earlier work focused on PED use by children with chronic conditions. Our finding that 20% of PED visits at a tertiary care center were made by children with chronic conditions is consistent with previous studies that range from 1.8% to 24.0% 15, 17, 19, 27 ; differences between studies may be because of differences in definition used. In addition, SCH PED patient characteristics were similar to previous studies, which found that children with chronic conditions were more often boys and older. 2, 12, 14, 15, 19, [28] [29] [30] We found children with chronic conditions accounted for 57% of the hospital and 84% of the PICU admissions from the PED. Previous studies have found increased rates of admission from the PED for children with chronic conditions compared with children without chronic conditions, ranging from 28% to 38% vs 11% to 23% to the hospital and 1% vs 0.03% to the PICU. 15, 19, 31, 32 This is the first study to use a tool to stratify children with chronic conditions by medical complexity and describe associated PED use and disposition. Although our findings about increased utilization with increased medical complexity are unique, they are not surprising. The results suggest a large population of medically vulnerable children. The observation is further substantiated by the near linear relationship between medical complexity and both PED LOS and hospital and PICU admission rates. Risk of emergency PICU admission already has been reported for children with technology assistance, a group that would correspond with the progressive chronic CRG category. 31 Children with chronic conditions in this study, in addition to being admitted more often, also remained in the PED longer than their nonchronic peers. Interpretation of PED LOS is limited given that other factors affecting LOS, such as PED patient census, provider-topatient ratio, and inpatient bed availability, were not evaluated. Nonetheless, increasing LOS associated with increasing medical complexity suggests a period of prolonged evaluation and/or intervention as well as the implication of increased use of PED resources.
This study has several limitations. To identify children with chronic conditions, CRG uses existing diagnostic and procedural codes in administrative data for a given patient. Therefore, a child with chronic conditions who had not previously been to the hospital would not be reliably identified as (27) 3788 (24) 1494 (26) 1564 (24) 439 (24) 291 (24) Black 7183 (11) 1758 (11) 624 (11) 801 (12) 233 (13) 100 (8) Asian 4421 (7) 1018 (7) 435 (7) 395 (6) 101 (5) 87 ( (6) 975 (6) 395 (7) 408 (6) 99 (5) 73 (6) FIGURE 2
PED disposition in nonchronic versus chronic children (by CRG group).
a child with a chronic condition. Thus, it is possible that within our study population there were children with chronic conditions who were misclassified as nonchronic; however, this limitation would bias us away from finding differences between groups, which we observed. Another limitation is that of our setting. Because SCH is one of the few dedicated tertiary pediatric centers in a multistate region, the proportion of PED visits made by children with chronic conditions is relatively high, although consistent with previous literature. To be considered representative of pediatric institutions, this analysis should be repeated in geographic areas with multiple pediatric tertiary care facilities or by using a multicenter PED database, which is facilitated by recent inclusion of CRG in the Pediatric Health Information System database. In addition, in our institution, there are very few direct admissions from community providers and children with chronic conditions are admitted through the PED. Therefore, direct admissions do not affect the results of this study. In other institutions where direct admissions occur with greater frequency or vary by chronic and nonchronic patient status, however, the PED to inpatient admission rates could be affected and direct admissions would need to be considered in the analysis.
One of the study outcomes, PED LOS, could be indirectly affected by hospital or PED-based quality improvement initiatives designed to improve PED throughput, thus confounding our results. During the study period, however, there were no hospital or PED initiatives or policy changes that involved oraffected PED evaluation, admission, or discharge processes.
Finally, decision-making around admission for an individual patient is complex and may include not only medical, but also social reasons, such as necessary family respite. It is not clear from the current study, if the driver of admission was more frequently acute clinical instability or chronic medical fragility. It is possible that a portion of these children were also admitted more frequently because of challenges in clinical assessment, whereupon a longer observation period would allow for ongoing assessment of their clinical status and progression. An evaluation of the social components for admissions, as well as associated cost data, were beyond the scope of this article and not available in the study data set.
CONCLUSIONS
Despite its limitations, this study convincingly demonstrates that children with chronic conditions comprise a significant portion of annual visits in a tertiary PED, and their degree of medical complexity is associated with increased LOS and need for inpatient and PICU admission. CRGs, which stratify medical complexity based on hospital administrative data, demonstrate an ability to identify disproportionate users of PED and hospital resources. Emergency departments must be prepared to care for children with chronic medical complexity. Potential interventions to aid in preparation for both institutions as well as individual patients include individual pre-arrival identification, the use of individual emergency care plans, and expedited admissions processes.
